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Abstract: Monitoring throughout the county of Essex has shown annual widening of 
otter distribution. There is, however, room for expansion and some areas remain un-
colonised. This paper reports a snapshot study of spraints collected from within the areas 
of known distribution, providing additional insight on a growing population. 
Prey remains were identified to family level and data used to calculate trophic breadths 
over the range of stream orders. Investigative comparisons were used to detect changes in 
diet with stream order. Further consideration was given to the importance of crayfish 
predation(e.g. the signal crayfish Pacifastacus leniusculus).Within the sample (n= 54) 
from four stream orders (Strahler 2-5), fish occurred most frequently (67%). Other groups 
included; invertebrates 20%, birds 7% and mammals 6%. Crayfish comprised 4% of the 
sample. There were no significant differences between Trophic Niche Breadth and stream 
order (H* =2.73, P>0.05), a finding strengthened by subsequent statistical analysis of the 
data. Dietary composition was consistent within the range and period studied. Extended 
research could determine seasonal variation and the extent to which available prey 
assemblage limits distribution against wider environmental and biological variables. 
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INTRODUCTION 
 
The Eurasian otter (Lutra lutra) population in the county of Essex and East 
Anglia is experiencing growth and becoming re-established after regional extinction 
(Mason and MacDonald 2003).  
Historically, the otter was common throughout Britain (Stephens 1957). 
However, by the early 1960’s hunt returns where showing a sharp reduction in 
numbers (Chanin and Jefferies 1978).In response to growing conservation concern a 
series of national surveys were instigated (Hewer 1974, Lenton et al., 1980).The 
second national survey reported an absence of otter signs in Essex (Strachan et al., 
1990). The decline and eventual disappearance of otters was attributed to the effects 
of persistent toxic  pollutants compounded by habitat destruction and direct 
persecution (Macdonald and Mason 1983; Mason and Macdonald, 1986; Mason, 
1989; Strachan and Jefferies, 1996; Jefferies and Hanson, 2000). Environmental IUCN Otter Spec. Group Bull. 28(2) 2011 
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pollutants identified as harmful to otters included; organochlorine pesticides; heavy 
metals and polychlorinated biphenyls (PCBs). 
Re-colonisation was facilitated by the efforts of multiple agencies combined 
within the Joint Otter Group and other agencies working to reverse environmental 
degradation. Habitat restoration and targeted re-introductions successfully re-
established a small yet viable population (Jefferies et al., 1986, 2000). A survey in 
1991 (Strachan and Jefferies, 1996), identified the presence of field signs indicating 
otter usage. Successive surveys have consistently shown increases in the extent to 
which the species uses local water courses (Tansley, 2008, 2009, 2011). Annual 
monitoring of the Essex population is tracking progress, which is essential, as the 
population has yet to reach carrying capacity and still has potential to expand 
(Crawford, 2010). This study aims to complement survey distribution data with 
additional information, through dietary analysis, on how a growing otter population 
uses available resources.  
 
AIM AND OBJECTIVES 
 
Aim 
To determine the diet and feeding habits of L. lutra across the county of Essex 
 
Specific Objectives 
•  To produce a map communicating the distribution of collected samples in relation 
to the known distribution of this species. 
•  To identify all prey species to family level. 
•  To determine the relative contributions of each family to otter diet in relation to 
distribution. 
•  To compare trophic breadth indices to identify geographical patterns in relation to 
stream order. 
•  To determine the importance of invasive crayfish species to otter diet. 
 
METHODS AND MATERIALS 
 
Essex is a low-lying county in eastern England. The largest of the counties 
rivers and tributaries included in this study are; the Stour, Colne, Chelmer and 
Roding. Spraint samples (n=54) were collected during the spring and summer of 
2010from field locations known to have been previously used by otters (Figure 1, 
Tansley, 2009). Samples were wrapped in aluminium foil, sealed in plastic sample 
bags, tagged and stored frozen. 
Stream order was allocated to each sample using the system described by 
Strahler (1952). Streams originating from source were allocated the first order. In this 
system an n
th order stream always flows downstream from the confluence of two (n-
1)
th
Samples were oven dried at 60 
 order streams. 
oC for 12-24 hours until completely desiccated, 
then carefully crumbled by hand to separate undigested prey remains. Once separated 
identification of prey remains to family level was aided by published keys (Conroy et 
al., 2005, Teerink 1991,  Day 1966). Binocular Leica Zoom 2000 and Nikon 104 
microscopes were used for analysis. The bulk percentage dry weight of prey items 
was estimated by eye (Wise et al., 1981). Data gathered were used to calculate the 
percentage (%) frequency occurrence of prey groups (P=number of spraints 
containing X / total number of spraints x 100). IUCN Otter Spec. Group Bull. 28(2) 2011 
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The relative (R)percentage (%) frequency of occurrence for each prey 
group(R=occurrence of X / number of groups x 100). Trophic niche breadth (TNB) 
for each observation using TNB=1/RΣpi
2 
 
Levins’ index (Feinsinger et al., 1981). 
Where pi is the estimated proportion of prey type within each sample and R is the 
total number of prey types observed. Using descriptive statistics, homoscedasity was 
assessed for each group before and after various transformations. Despite 
transformation, neither normality nor homoscedasity were achieved. Therefore, 
analysis of data required the use of the Kruskal-Wallis (H) test between trophic niche 
breadth (TNB) and stream order. Additionally, the Spearman’s test was used to look 
for correlation between ranked TNB and stream order. 
Figure 1: The county of Essex incorporating the known otter distribution as 2009 (triangles) and the 
sites where samples of spraints where collected in 2010 (circles). Figure produced as an overlay to 
Crown Copyright © Ordnance Survey Licence number 100025798 
 
A contingency table was constructed to calculate expected values enabling a chi 
squared  (χ
2
 
) test of association between stream order and prey groups. Arcsine 
transformed frequencies of prey families were compared between stream orders using 
the paired t-test. The statistical analyses of data were performed using SPSS software. 
RESULTS 
 
Spraints (n=54) were collected from rivers of the orders; two to five (Figure 1). Six of 
the samples (11%) came from second order streams. Third order streams contributed 
the highest proportion of 20 samples (37%). Seventeen samples were taken from 
streams of the fourth order (31%). The remaining eleven samples (20%) where 
collected from fifth order streams. The dry weight of spraints ranged from 0.34g to 
7.91g, mean 2.046g (SE 0.195). 
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Table 1. Families and Common names of prey items extracted from otter spraint (n=54) collected from 
the county of Essex 2010. 
 
Prey Group 
 
Family 
 
Common name 
Percentage (%) 
 frequency 
Fish  Cyprinidae  carp  35 
Percidae  perch  9 
Cottidae  stone loach  14 
Cobitdae  bullhead  15 
Gasterosteidae  stickleback  4 
Esocidae  pike  11 
Salmonidae  trout  2 
Anguillidae  eel  7 
Invertebrate  Odonata  dragon fly  6 
Gammaridae  shrimp  5 
Astercidae  crayfish  6 
Tricoptera  caddis fly  1 
Bird  Ralliform  moorhen  4 
Anseriform  duck  2 
Colombiform  pigeon  2 
Mammal  Leporidae  rabbit  2 
 
Otters predated animals from four groups comprised of eight families of fish, 
four families of invertebrate, three families of bird and one family of mammal (Table 
1). Percent frequency occurrence values of prey families within each stream order 
(Figure 2) provided a description of predation within each stream order, these values 
were used to calculate related trophic niche breadths (Figure 3). The distribution of 
TNB values within each group was skewed. Second order streams had a median value 
of 0.1. The median TNB value of third order streams was 0.09. In the group of fourth 
order streams, the distribution was highly skewed and had a median of 0.07. Within 
the fifth order group of samples the TNB median was 0.08. 
 
Figure 2. Relative percent (%) frequency of prey families within the diet of otters from four orders of 
stream. Cyprinidae (Cyp), Percidae (Perc), Cottidae (Cot), Cobitidae (Cob), Gasterosteidae (Gast), 
Esocidae  (Esoc),  Salmonidae  (Salm),  Anguillidae  (Ang),  Odonata  (Odon),  Gammaridae  (Gam), 
Astercidae (Ast), Tricoptera (Tri), Ralliform (Ral), Anseriform (Ans), Colombiform (Col), Leporidae 
(Lep). IUCN Otter Spec. Group Bull. 28(2) 2011 
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Figure 3. The Trophic Niche Breadth of otter diet as determined from spraints collected from four 
orders of stream within the county of Essex. 
 
Comparison of these data could not separate populations, there being no 
significant difference between trophic niche breadths and stream order, H* =2.73, 
P>0.05. There was no correlation between ranked niche breadth data and stream order 
(rS = -0.116, P>0.05). Prey occurrence data was tested for association with stream 
orders and none were found, e.g. the number of occurrences of Cyprinidae fish 
families within spraints were not significantly different between either of the stream 
orders investigated, χ
2
3
A comparison of the, arcsine transformed, proportion of each prey type found 
no significant differences (P>0.05) in distribution among stream orders (Table 2). 
= 5.41, P<0.05. 
 
Table 2. Comparisons of the proportion of different prey types consumed in streams of increasing 
magnitude, n = 19. 
 
Catagories 
t- values 
  2
nd 3  Order 
rd 4  Order 
th 5  Order 
th Order 
Whole Sample  0.721 (NS)  0.706 (NS)  0.823 (NS)  1.049 (NS) 
2
nd 0.535 (NS)   Order  0.134 (NS)  0.092 (NS) 
3
rd 0.863 (NS)   Order  0.652 (NS) 
4
th 0.116 (NS)   Order 
NS = not significant. 
 
DISCUSSION 
The frequency occurrence of prey within the diet of the Essex population was 
congruent with previous studies of eutrophic systems (e.g. Weir and Bannister, 1973, 
1977; Jarman, 1979; Woodroffe, 1994), and consistent with evolutionary adaptation. 
In this study fish were the most frequently taken food items, 67%. In terms of volume, 
fish may contribute a  larger proportion of diet than has been measured here. Due to 
problems associated with bulk estimations (Carss and Nelson, 1998) no attempt had 
been made to estimate the volume of fish eaten, whole or part.  IUCN Otter Spec. Group Bull. 28(2) 2011 
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Insects and crustaceans featured regularly in the diet (19.9%). Consistent 
occurrence across stream orders suggests invertebrates are an important dietary 
component to this population. Carss and Parkinson (1996) have described how well 
fed, captive otters actively pursue and consume aquatic insects. The benefit and 
importance of invertebrates to the diet of otters is considered by Taylor et al. (2010). 
Otters are considered beneficial as a source of biological control of invasive 
crayfish species (Reeve, 2004). In this study crayfish occurred in 4% of the sample. 
Crayfish predation is identified by the presence of carapace or other cuticle fragments 
within spraints. This method is limited by providing only presence or likely absence 
of occurrence and not volumetric data. To fully understand habits, a longer study 
would be needed to identify spatial and seasonal variations in crayfish predation. 
Birds and mammals were an infrequent, though regular, feature in the diet of the 
Essex population (bird 7.4%, mammal 5.5%). The families predated (e.g. Ralliform, 
Anserform and Leporidae) were those otters are most likely to encounter, and the 
infrequency suggests predation is opportunistic.  
Amphibians area group of potential prey known to feature within the diet of 
otters (e.g. Clavero et al., 2003). The absence of amphibian prey from the sample 
could be due to the timing and habitat focus of sample collection. Observations have 
shown that otters feed on amphibians during the spawning season in early spring 
(Mason and Macdonald, 1986; Weber, 1990). This study focused on river habitats, 
excluding standing waters that are preferred breeding sites for frogs, toads and newts 
(Baker et al., 2011). 
Comparison of TNB and one physical attribute of habitat variability (stream 
order) found no significant change in diet between rivers in terms of size and 
discharge. This study has detailed dietary norms of the local population. As range is a 
function of habitat quality (Jefferies and Woodroffe, 2008), these data could provide a 
baseline with which to gauge the prey assemblage of water courses yet to support 
otters. 
An extended comparison of distribution, diet and broader habitat quality (eg. the 
standardised River Habitats Survey, Raven et al., 1997, 1998; Fox et al., 1998) of 
used and un-colonised rivers could provide informative results. Indices such as the 
RHS collect a range of physical and biological habitat attributes, not included in this 
study, which may have influence over the ecology and distribution of otters. 
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RÉSUMÉ 
ENQUÊTE SUR  LES  HABITUDES  ALIMENTAIRES  DE LA  LOUTRE 
D’EUROPE (Lutra lutra) DANS LE COMTÉ D'ESSEX 
Le suivi de la Loutre dans le Comté d'Essex a montré un élargissement annuel de sa 
répartition. Il existe effectivement des possibilités d'expansion mais certaines zones 
demeurent non colonisées. Cet article rapporte l’analyse rapide d’épreintes recueillies 
sur les zones de répartition connue, apportant des éléments supplémentaires sur une 
population croissante. Les restes de proies ont été identifiés jusque la famille et les 
données obtenues ont permis de calculer des valeurs trophiques sur l’ensemble des 
tronçons du continuum fluvial. Diverses enquêtes ont été comparées afin de détecter 
des variations alimentaires en fonction de la situation sur le continuum fluvial (classe 
de courant).  Un examen plus approfondi  a mis l’accent sur l'importance  de la 
prédation des écrevisses (Pacifastacus leniusculus). Au sein de l'échantillon (n=54) 
regroupant quatre classes de courant (Strahler  2-5), les poissons sont les  plus 
fréquents  (67%).  D'autres  groupes  sont aussi présents; les invertébrés 20%, les 
oiseaux 7% et les mammifères 6%. Les écrevisses composent 4% de l'échantillon. Il 
n'y avait pas de différences significatives entre l’ampleur de la niche trophique et la 
classe de courant (H * = 2,73, P>0,05). La composition alimentaire est restée stable 
durant l’étude et sur l’ensemble de la zone suivie.  Des recherches plus poussées 
permettraient d’apprécier des variations saisonnières et évaluer dans quelle mesure la 
disponibilité  des proies  limite  l’expansion de l’espèce  en parallèle de  variables 
environnementales 
 
et biologiques. 
 
RESUMEN 
ESTUDIO DE LOS HÁBITOS DIETARIOS DE LA NUTRIA EUROASIÁTICA 
(Lutra lutra) EN EL CONDADO DE ESSEX 
Un monitoreo que abarca el condado de Essex ha mostrado una ampliación de la 
distribución de la nutria. Sin embargo, espacio para expansión y algunas áreas se 
mantienen sin colonizar. Este artículo es resultado de un estudio acotado de fecas 
colectadas dentro de las áreas de distribución conocida y aporta información adicional 
sobre una población en crecimiento. Los restos de presas fueron identificadas al nivel 
de familia y los datos usados para calcular la amplitud trófica en todo el rango de 
órdenes de los cursos fluviales. Se usó la comparación de investigaciones para detectar 
cambios en la dieta según el orden del curso fluvial. Se le dio otra importancia a la 
predación de cangrejos (por ej. el cangrejo señal Pacifastacus leniusculus). De la 
muestra (n=54) de cuatro órdenes de cursos fluviales (Strahler 2-5), los peces fueron 
más frecuentes (67%). Otros grupos presentes fueron: invertebrados 20%, aves 7% y 
mamíferos 6%. Los cangrejos comprendieron el 4% de la muestra. No se hallaron 
diferencias significativas entre las Amplitudes de Nicho Trófico según el orden del 
curso fluvial (H* =2.73, P>0.05), este resultado está reforzado por posteriores análisis 
estadísticos de los datos. La composición dietaria fue estable dentro del área y período 
estudiados. Un estudio más amplio podría determinar variaciones estacionales y la 
medida en que el ensamble de presas disponibles limita la distribución frente a las más 
amplias variables ambientales y biológicas. 